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PRVW LPSRUWDQWO\ZH YLHZWKH REVHUYHG SKHQRPHQD RULJLQDWH
IURP WKH VDPH PHFKDQLVP WKHUHIRUH KDYH WDNHQ D FRKHUHQW
DSSURDFK  $ GRXEOH LQMHFWLRQ PRGHO KDV EHHQ XVHG WR






2SHUDWLQJ DW KLJK HOHFWULF ILHOGV IRU FRPSDFW DQG KLJK
SHUIRUPDQFH DSSDUDWXV DQG WKH LPSURYHPHQW RI UHOLDELOLW\
DQGORQJWHUPOLIHXQGHUVHYHUHRSHUDWLRQFRQGLWLRQVEHFRPH
LQFUHDVLQJO\ LPSRUWDQW LQ WKH FRPSHWLWLYH PDUNHW ,Q VXFK
FLUFXPVWDQFHVLWLVHVVHQWLDOWRLPSURYHLQVXODWLQJPDWHULDOV
EDVHG RQ WKH IXQGDPHQWDO XQGHUVWDQGLQJ RI KLJK ILHOG
SKHQRPHQD &RQVHTXHQWO\ WKH UHVHDUFK LQ WKLV DUHD KDV
DWWUDFWHGVLJQLILFDQWDWWHQWLRQ7KHUHDUHVHYHUDODQRPDORXV
SKHQRPHQD REVHUYHG XQGHU KLJK HOHFWULF ILHOGV 7KHVH





HYLGHQFHV D XQLILHG PRGHO EDVHG RQ D ELSRODU FKDUJH








ZLWK WKH ILHOG  :KHQ WKH DSSOLHG ILHOG LV LQFUHDVHG WKH
SKHQRPHQD REVHUYHG DUH PRVW OLNHO\ UHODWHG WR FKDUJH





PRQRWRQLFDOO\ RYHU D SHULRG RI WLPH SRODUL]DWLRQ FXUUHQW




D FXUUHQW SHDN RFFXUV 7KH WUDQVLHQW VSDFH FKDUJH OLPLWHG
FXUUHQWZDVDKRWWRSLFLQVGXHWRLWVLPSRUWDQFHWRWKH
UDSLG GHYHORSPHQW LQ HOHFWURQLFV DQG VROLG VWDWH GHYLFHV
7KHRUHWLFDOZRUNRQWKHWRSLFZDVSLRQHHUHGE\0DQ\DQG
5DNDY\>@LQ%DVHGRQVLQJOHFKDUJHFDUULHULQMHFWLRQ
WKH WUDQVLHQW FXUUHQW SHDN FDQ EH XVHG WR HVWLPDWH WKH
PRELOLW\ RI WKH FKDUJH FDUULHU 7KLV WUDQVLHQW FXUUHQW SHDN










WKH GHSRODUL]DWLRQ FXUUHQW QRUPDOO\ IORZV LQ WKH RSSRVLWH
GLUHFWLRQ WR WKH SRODUL]DWLRQ FXUUHQW +RZHYHU XQGHU KLJK
HOHFWULF ILHOGV LW KDV EHHQ REVHUYHG >@ WKDW WKH
GHSRODUL]DWLRQFXUUHQWGURSVYHU\UDSLGO\DQGSDVVHVWKURXJK
WKH ]HUR SRLQW $IWHU WKDW WKH FXUUHQW IORZV LQ WKH VDPH

















          
&RQIHUHQFH3URFHHGLQJVRI,6(,0


































































































&RURQD FKDUJLQJ DQG VXUIDFH SRWHQWLDO GHFD\ ZHUH VWXGLHG
H[WHQVLYHO\LQ¶VDVLWSURYLGHVDXVHIXOWRROWRPRQLWRU
FKDUJHPRYHPHQWLQWKHLQVXODWLQJPDWHULDOVDQGFKDUDFWHUL]H
WKHLU SURSHUWLHV ,Q     V X U I D F H S R W H QWLDO FURVVRYHU



















:LWK WKH UHFHQW SURJUHVV LQ VSDFH FKDUJH PHDVXUHPHQW
WHFKQLTXHVLWLVSRVVLEOHWRREVHUYHFKDUJHHYROXWLRQZLWKLQ






































)LJXUH  &KDUJH GHFD\ DIWHU WKH UHPRYDO RI WKH DSSOLHG
HOHFWULFILHOGVWS PLQ>@






%\ XVLQJ WKH QHZO\ GHYHORSHG VSDFH FKDUJH PHDVXUHPHQW
WHFKQLTXHLWEHFRPHVSRVVLEOHWRREVHUYHFKDUJHIRUPDWLRQ
DQG G\QDPLFV LQ SRO\PHULF PDWHULDOV 1HZ HYLGHQFHV RI


























)LJXUH  &XUUHQW GHQVLW\ DQG VSDFH FKDUJH GHQVLW\ FRORXU
FRQWRXU JUDSK IRU WKH ILUVW  PLQXWHV LQ IUHVK (DSSO 




SODFH DQG FKDUJH UHFRPELQDWLRQ RFFXUV LQ WKH EXON RI WKH
VDPSOH 7KLV LV RIWHQ UHIHUUHG DV FKDUJH SDFNHWV %\
FRPSDULQJ WKH FXUUHQW DQG VSDFH FKDUJH G\QDPLFV LW LV
HYLGHQWWKDWELSRODUFKDUJHLQMHFWLRQDQGUHFRPELQDWLRQDUH
UHVSRQVLEOHIRUWKHFXUUHQWSHDNVREVHUYHG
%\ XVLQJ SXOVH H[FLWDWLRQ DQG WUDQVLHQW VSDFH FKDUJH
PHDVXUHPHQWLWLVSRVVLEOHWRHVWLPDWHFKDUJHFDUULHUYHORFLW\
DVVRFLDWHG ZLWK FKDUJH SDFNHW >@ )LJXUH  VKRZV DQ








VDPSOHV DIWHU EHLQJ FRURQD FKDUJHG DW  N9 IRU GLIIHUHQW
WLPHV>±@,WLVFOHDUWKDWERWKSRVLWLYHDQGQHJDWLYH
FKDUJHV DUH SUHVHQW LQ WKH EXON RI WKH VDPSOH :KHQ WKH
FKDUJLQJ WLPH LV H[WHQGHG IURP  PLQXWHV WR  PLQXWHV
VLJQLILFDQW SRVLWLYH FKDUJH LQMHFWLRQ FDQ EH REVHUYHG DV
VKRZQLQ)LJXUHE'LIIHUHQWGHFD\UDWHLVHYLGHQWZKLFK









FUXFLDO WR UHPHPEHU WKDW DOPRVW LQ DOO WKH FDVHV ELSRODU
FKDUJHVDUHLQYROYHG%\H[SORULQJWKHPRGHOVLQOLWHUDWXUHLW
LVQRWLFHGWKDWWKHELSRODUFKDUJHLQMHFWLRQPRGHOSURSRVHGLQ
>@ KDV D SRWHQWLDO WR VLPXODWH DOO WKHVH DQRPDORXV
SKHQRPHQD,QDGGLWLRQWKHELSRODUFKDUJHLQMHFWLRQPRGHO
KDV EHHQ XVHG H[WHQVLYHO\ WR VLPXODWH FKDUJH WUDQVSRUW
WUDSSLQJDQGUHFRPELQDWLRQXQGHUGFYROWDJH7KHVLPXODWLRQ




7KH PRGHO >@ DLPV WR HIIHFWLYHO\ GHVFULEH WKH ELSRODU
WUDQVSRUW DQG VSDFH FKDUJH SKHQRPHQD LQ VROLG GLHOHFWULFV
XQGHUKLJKGFVWUHVV7KHELSRODUWUDQVSRUWLVEHLQJGHVFULEHG
DVDFRQGXFWLRQSURFHVVJRYHUQHGE\DQHIIHFWLYHPRELOLW\
7KLV IHDWXUH GLVWLQJXLVKHV WKH PRGHO IURP WKH RWKHUV ,Q
HIIHFW FKDUJH FDUULHUV DUH LQMHFWHG IURP WKH HOHFWURGHV










$IWHU SHQHWUDWLQJ LQWR WKH PDWHULDO WKH FDUULHUV XQGHU WKH
LQIOXHQFHRIWKHDSSOLHGILHOGZLOOGULIWDFURVVWKHPDWHULDO
FKDUDFWHUL]HG E\ DQ HIIHFWLYH PRELOLW\ 7KURXJKRXW LWV
PRWLRQVVRPHFDUULHUVDUHWUDSSHGLQWKHORFDOL]HGVWDWHVLH
GHHSWUDSFHQWUHVDQGWKHUHIRUHWKHWRWDODPRXQWRIFKDUJHV
PRYLQJ DFURVV UHGXFHV +RZHYHU QR H[WUDFWLRQ EDUULHU LV
LQWURGXFHG LQ WKH PRGHO DQG RQ WKH RWKHU KDQG WKH\ DUH
SURQH WR UHFRPELQH ZLWK WKHLU RSSRVLWH VSHFLHV HOHFWURQV
ZLWKKROHV
&KDUJH WUDQVSRUWDWLRQ LQ VROLG GLHOHFWULFV LV HVVHQWLDOO\






























VSHFLHV ( WKH HOHFWULF ILHOG M WKH  FXUUHQW GHQVLW\ [ WKH       
&RQIHUHQFH3URFHHGLQJVRI,6(,0





WKH PDWHULDO XQGHU GF YROWDJHV FDQ EH FDOFXODWHG >@ ,Q
DGGLWLRQLWLVDOVRSRVVLEOHWRFDOFXODWHWKHFXUUHQWGHQVLW\-
DQG LWV UHODWLRQVKLS ZLWK WLPH )LJXUH  LOOXVWUDWHV LQLWLDO
VLPXODWLRQUHVXOWVRIFXUUHQWGHQVLW\XQGHUYDULRXVDSSOLHG
HOHFWULFILHOGV,WLVFOHDUWKDWDFXUUHQWSHDNDSSHDUV6LPLODU







2QFH WKH DSSOLHG HOHFWULF ILHOG LV UHPRYHG WKH GLVFKDUJH
FXUUHQWFDQDOVREHFDOFXODWHG7KHGLVFKDUJHFXUUHQWIORZLQJ
LQ WKH RSSRVLWH GLUHFWLRQ GHFD\V PRQRWRQLFDOO\ +RZHYHU

















WLPH WKH LQMHFWHG FKDUJHV WUDYHO IXUWKHU ZLWK LQFUHDVLQJ








)LJXUH  6SDFH FKDUJH GHFD\ DIWHU WKH UHPRYDO RI WKH
HOHFWULFILHOGV

&RQVLGHULQJ WKH QHZ HYLGHQFH RI ELSRODU FKDUJH LQMHFWLRQ
GXULQJWKHFRURQDFKDUJLQJDQGGHFD\SURFHVVHV)LJXUH









WLPH FRQVLVWV RI FRQWULEXWLRQV IURP WKUHH FRPSRQHQWV LH
VSDFHFKDUJHȡ[WVXUIDFHFKDUJHGHQVLW\DWWKHWRSıW
DQG WKH LQGXFHG VXUIDFH FKDUJH GHQVLW\ DW WKH ERWWRP
HOHFWURGH ıW  /HW XV DVVXPH WKH ILHOG FRPSRQHQWV DUH
UHSUHVHQWHG E\ (ȡW (ıW DQG (ıW UHVSHFWLYHO\ 7KH











%DVHGRQWKHPRGLILHGPRGHOLWLVSRVVLEOHWRFDOFXODWHȡ[       
&RQIHUHQFH3URFHHGLQJVRI,6(,0
W GXULQJ WKH FRURQD FKDUJLQJ XQWLO D SUHGHILQHG FKDUJLQJ
WLPH W W 7KH TXDQWLWLHV 9W DQG ȡ[ W DUH WKH LQLWLDO
FRQGLWLRQ IRU VXUIDFH SRWHQWLDO GHFD\ 7KLV DOORZV RQH WR
GHWHUPLQHıWDQGıWXVLQJWKHDERYHWZRHTXDWLRQV
2QFH WKHVH LQLWLDO IRXU TXDQWLWLHV DUH GHWHUPLQHG RQH FDQ
FDOFXODWHQHZVSDFHFKDUJHGLVWULEXWLRQȡ[WǻWEDVHGRQ



























PDSSLQJ WHFKQLTXHV FOHDUO\ LQGLFDWH WKDW ELSRODU FKDUJH
LQMHFWLRQ WUDSSLQJ UHFRPELQDWLRQ DQG WUDQVSRUW DUH
UHVSRQVLEOHIRUWKHREVHUYHGDQRPDORXVSKHQRPHQDDWKLJK
HOHFWULF ILHOGV 6LPXODWLRQV EDVHG RQ WKH ELSRODU FKDUJH
LQMHFWLRQ PRGHO FDQ UHYHDO DOO IHDWXUHV REVHUYHG LQ
DQRPDORXVSKHQRPHQD7KLVVXJJHVWVWKDWDOOWKHVHREVHUYHG
SKHQRPHQD KDYH WKH VDPH RULJLQ LQ WHUPV RI SK\VLFDO
PHFKDQLVPV:HDUHFXUUHQWO\ZRUNLQJRQWKHGHWDLOVRIWKH
PRGHOVXFKDVSDUDPHWHUVVHOHFWLRQVRLWFDQEHDSSOLHGWRDOO
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